INTRODUCTION
Carbohydrate liquid crystals usually consist of monosaccharide derivatives with one or more alkyl chains. 1 Although the molecules themselves are chiral, amphiphilic carbohydrate liquid crystals do not form chiral mesophases. This is most likely the result of the amphiphilic character of the derivatives. The type of mesophase formed in amphiphilic mesogens is governed by the overall molecular shape. 2, 3 For mono-alkylated derivatives -------------* Author for correspondence 186 E. SMITS ET AL.
such as alkyl 1-thio-(α-and-ß)-D-glucopyranosides 4,5 and 4,6-O-alkylidene-D-glucopyranosides 6 only smectic A phases have been observed. Vill et al. 7 reported on compounds in which several of the free hydroxyl groups of the monosaccharide had been eliminated. These derivatives of deoxy sugars indeed showed cholesteric and blue phases. However, in the approach of Vill et al., 7 the original sugar moiety is stripped of its hydroxyl groups.
We were of the opinion that a simple monosaccharide can function as the core of a new class of calamitic mesogens when it is embedded in the following trans-decalin structure. R = alkyl, 4-alkoxyphenyl, aromatic Schiff base X-R'= thioalkyl, oxyaryl, oxy (4-alkylphenyl) This can be achieved with a glucopyranose ring substituted at the anomeric centre, and protected at the 4,6-position. Rigidity is guaranteed in the transdecalin structure. The hydrophilicity is reduced since only the 2,3-hydroxyl groups are left free (and these can, if so desired, be functionalized). Both the R and X-R' groups on the rigid 'trans-decalin' ring system I are in the equatorial position, and can be varied extensively and independently. In contrast, the structurally similar nematogenic and smectogenic trans-1, 3,5,7- tetraoxadecalin derivatives prepared by Kohne et al. 8 have identical substituents on both sides of the symmetrical rigid core, which renders these compounds achiral. We were fairly confident that I, which can be constructed in a straightforward synthetic reaction sequence, could be the basis for a new class of mesogens. But what would be the requirements for R, and X-R' with respect to inducing (chiral) mesogenic behavior?
SYNTHESIS
The carbohydrate derivatives based on I were prepared by the general route depicted in Scheme 1. The first step is the formation of an n-alkyl 1-thioglucopyranoside or an aryl glucopyranoside. The n-alkyl 1-thio-ß-D-glucopyranosides were prepared by reaction of ß-D-glucose pentaacetate with an alkanethiol in the presence of 5 equivalents of the Lewis acid boron trifluoride etherate as described by Van Doren et al. 4 The ß-products are isolated almost exclusively when the reaction is quenched after 15 min.
Longer reaction times lead to considerable amounts of α-product. The acetylated compounds were purified by crystallization and subsequently were deprotected by means of trimethylamine in aqueous methanol. The aryl ß-Dglucopyranosides were obtained by glycosidation of a substituted phenol.
This reaction was performed using 1 equivalent of boron trifluoride etherate in anhydrous dichloromethane. 9 The reaction mixture was stirred at room temperature for 48 h, after work-up the ß-product was obtained. By means of this procedure a wide variety of aryl ß-D-glucopyranosides was prepared and isolated in anomerically pure form after recrystallization from ethanol (yield: 40 -80 % depending on the nature of the substituent in the phenol).
If the α-anomer is the desired product, the reagents must be refluxed in have not yet been optimized. In order to obtain the Schiff bases the reagents were dissolved in ethanol, a catalytic amount of acetic acid was added and the crystalline product was isolated after 15 min.
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RESULTS AND DISCUSSION
The first derivatives prepared on the basis of I were compounds with R= alkyl and X-R'= thioalkyl. The products (1a-f) are crystalline materials but unfortunately did not show mesogenic behavior (the melting points are listed in Table 1 ). The vast majority of liquid-crystalline substances contain two or more aromatic rings, and polar bridging or terminal groups. 16 Aromatic character was introduced into the side chains of I in two ways:
-Aromatic substituents like naphthyl, biphenyl or 4-alkoxyphenyl were linked via sulphur or oxygen at the anomeric center, the substituent R still being an alkyl group.
-Reaction of 1-substituted-ß-D-glucopyranosides with aromatic aldehydes provides derivatives with aromatic character on the other side of I.
The compounds 2a-c, 3a, 4a and 4b were synthesized but no mesophases were observed (Table 1) . These results indicate that more polarizability is needed in order to induce liquid-crystalline behavior. The aromatic and highly polarizable Schiff base functionality, being an excellent moiety for inducing liquid-crystallinity, 16, 17 was subsequently chosen as a substituent on I. The following series of compounds (5a-f) represents the first non-amphiphilic rod-like carbohydrate derivatives with a fully intact glucopyranose ring that exhibit liquidcrystalline behavior. Table 2 shows the melting and clearing points of some members of this so called SBTS-series (derived from its constituent structural units: Schiff Base, Terephthalic dialdehyde, 1-alkyl S-ß-D-glucopyranoside). On the basis of polarization microscopy the mesophase of the products was assigned as smectic A. When a sample of compound 5f is cooled from the isotropic state, bâtonnets are formed at the isotropic to liquid-crystalline transition. Further cooling gives the typical focal-conic fan-like texture shown in Figure 2 .
Generally homologous series of rod-like liquid-crystalline compounds with long alkyl chains show smectic phases. 16 On introduction of shorter alkyl chains a nematic phase may be formed in addition to the smectic phase(s). The latter usually disappear(s) for very short-chain derivatives.
Short-chain derivatives of the SBTS series, which were expected to form a nematic or cholesteric phase, were synthesized. Much to our disappointment, the compounds 5b and 5c appear to give only a smectic A phase, whereas the p-anisidine derivative 5a did not show any mesogenic behavior at all.
We contend that members of the SBTS-series may be considered as non-amphiphilic derivatives, although it should be noted that two vicinal hydroxyl groups are generally sufficient for a molecule to display amphiphilic character. Tschierske et al. 18 reported calamitic propane-1,2-diol 
4,6-O-alkylidene n-alkyl 1-thio-ß-D-glucopyranosides (1). n-Alkyl 1-thio-ß-D-
glucopyranoside (2 mmol) and alkanal (4 mmol) were dissolved in 20 ml of ethyl acetate and stirred for 48 h with 0.1 ml of methanesulfonic acid. The reaction mixture was neutralized with 3 ml of saturated NaHCO 3 solution.
The organic layer was separated, dried over magnesium sulphate and concentrated. The product was separated from the excess of alkanal by column chromatography on silica gel with chloroform followed by 10 % methanol in chloroform as eluent. The alkanal is eluted from the column before the reaction product The colorless product was recrystallized from methanol.
NMR data of 4,6-O-decylidene n-decyl 1-thio-ß-D-glucopyranoside (1d). 
4,6-O-(4'-alkoxybenzylidene) n-alkyl 1-thio-ß-D-glucopyranosides
